The unpleasant stale note is a negative factor hindering the consumption of instant ripened Pu-erh tea products. This study focused on investigating volatile chemicals in instant ripened Pu-erh tea that could mask the stale note via sensory evaluation, gas chromatography-mass spectrometry (GC-MS), and gas chromatography-olfactometry (GC-O) analyses. GC-MS and GC-O analyses showed that linalool, linalool oxides, trans-β-ionone, benzeneacetaldehyde, and methoxybenzenes were the major aroma contributors to the simultaneous distillation and extraction (SDE) extract of instant ripened Pu-erh tea. Sensory evaluation showed that the SDE extract had a strong stale note, which was due to methoxybenzenes. By investigating suppressive interaction among flavour components, the stale note from methoxybenzenes was shown to have reciprocal masking interactions with sweet, floral, and green notes. Moreover, the validation experiment showed that the addition of 40 µg/mL of trans-β-ionone in the instant ripened Pu-erh tea completely masked the stale note and improved the overall aromatic acceptance. These results elucidate the volatile chemicals that could mask the stale note of instant ripened Pu-erh tea products, which might help to develop high quality products made from instant ripened Pu-erh tea.
Introduction
Teas have various health benefits and are widely consumed over the world [1] . China is the largest producer of tea in the world, contributing 36% to the total global production, followed by India (21.2%), Kenya (7.8%), Sri Lanka (7.0%), Turkey (4.8%), Vietnam (4.6%), and Iran (3.3%) [2] . Pu-erh tea is a kind of post-fermented tea, originally produced in the Yunnan province of China. According to the statistics of Chinese tea market, the output of Pu-erh tea is about 116,500 tons and the comprehensive market value is 25.5 billion RMB in 2018. It has gained more and more popularity and attracted much attention especially in China and some other Asian countries for its potential health function, including antioxidant activity [3] , preventing cancer [4] , inhibiting cholesterol biosynthesis [5] and antimutagenic, and antimicrobial activities [6] . Recently, with the increasing market of ready to drink/eat products, more and more Pu-erh tea is being processed to instant tea products. Although instant tea is prepared extract of instant ripened Pu-erh tea was dominated by strong stale and sweet notes, noticeable green and floral note, as well as a weak roasted note (Figure 1.) . This result was similar to previous studies on the aroma profile of Pu-erh teas, which showed that Pu-erh teas had a noticeable stale note [11, 19] . 
GC-MS Analysis of Volatile Constituents
In order to elucidate the main volatile constituents in the SDE extract, the volatile extract was submitted to GC-MS analysis. Total 32 volatiles were detected (Table 1) . Among these, 27 volatiles were identified via matching the RI and MS with those of standard chemical references, and the other five volatiles were temporarily identified by matching the RI and MS to those from the database (NIST08, NIST08s, FFNSC1.3) and references ( Table 1 ). The volatiles with standards were quantitated using calibration curves of the standards in selective ion monitoring (SIM) mode, and the others (lacking standards) were quantified using the calibration curve of the internal reference cyclohexanone ( Table 1) . As a result, 1,2,3trimethoxybenzene (260.53 μg/mL), dihydroactinidiolide (188.04 μg/mL), 1,2dimethoxybenzene (15.54 μg/mL), <n->hexadecanoic acid (7.20 μg/mL), 3,4-dimethoxytoluene (6.49 μg/mL), 1,2,3-trimethoxy-5-methyl-benzene (5.32 μg/mL), 1,2,4-trimethoxybenzene (4.86 μg/ mL), linalool oxide IV (4.58 μg/mL), benzyl alcohol (2.16 μg/mL), 1,2,3,4tetramethoxybenzene (2.10 μg/mL), menthol (2.00 μg/mL), linalool (1.44 μg/ mL), and linalool oxide III (1.55 μg/mL) were the dominated constitutions in the concentration ( Table 1) . The results were consistent with previous findings that methoxybenzenes and alcohols were the main volatile constituents in ripened Pu-erh tea products [2, 8, 11] . 
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GC-O Analysis of Aroma-Active Volatiles
For investigating the volatiles that have sniffable effects on the aroma, the SDE extract of instant ripened Pu-erh tea was submitted to GC-O analysis. The results revealed that 24 volatiles had been sniffed with FD over 1, indicating that these chemicals contributed noticeably to the aroma of instant ripened Pu-erh tea ( Table 2 ). Among these, nine chemicals, i.e., benzeneacetaldehyde (green note), linalool oxide II (sweet note), linalool (floral note), linalool oxide III (sweet note), linalool oxide IV (sweet note), trans-β-ionone (floral note), 1,2,3-trimethoxybenzene (stale note), 1,2,4-trimethoxybenzene (stale note), and 1,2,3-trimethoxy-5-methyl-benzene (stale note) were detected to have FD of 16 (Table 2) , which were much greater than FD of other volatiles, indicating the nine chemicals (methoxybenzenes, linalool, linalool oxides, benzeneacetaldehyde, and trans-β-ionone) were the dominated contributors to stale, sweet, floral, and green note in instant ripened Pu-erh tea extract. Previously, alcohols (floral note), methoxybenzenes (stale/musty note), and ketones (woody/floral note) were shown to play vital roles in the special flavor of ripened Pu-erh tea [10] . In addition, 1,2,3-trimethoxybenzene and other methoxybenzenes were reported to have a strong stale/musty odor [10, 11] ; β-ionone was confirmed to offer a complex fruity and floral note [20] . By comparison, the main aroma contributors in instant Pu-erh tea elucidated by GC-O analysis was consistent with those of Pu-erh teas from previous studies [11] . 
Investigation of the Suppressive Interaction between the Stale Note and Other Notes
To investigate the suppressive interaction between the stale note and other notes (i.e., sweet, floral, and green notes), series artificial aromatic models with different odor were prepared according to the GC-O analysis, followed by sensory evaluation in their stale and other notes. In comparison to the models of stale note (sample 1#, the methoxybenzenes solution) and sweet note (sample 2#, the linalool oxides solution), the suppressive interaction model of stale and sweet notes (sample 3#, the mixture of methoxybenzenes and linalool oxides solutions) showed significant decreases in both of stale note (from 7.8 to 6.4) and sweet note (from 5.5 to 2.4), respectively (Figure 2A) . By comparing the models of stale note (sample 1#, the methoxybenzenes solution) and floral note (sample 4#, the mixture of linalool, trans-β-ionone, phenylethyl alcohol, and indole solution), the suppressive interaction model of stale and floral notes (sample 5#, the mixture of methoxybenzenes, linalool, trans-β-ionone, phenylethyl alcohol, and indole solutions) showed significant decreases in stale note (from 7.8 to 4.2) and floral note (from 8.2 to 6.7) ( Figure 2B ). Comparing the models of stale note (sample 1#, the methoxybenzenes solution) and green note (sample 6#, the benzeneacetaldehyde solution), the suppressive interaction model of stale and green notes (sample 7#, the mixture of methoxybenzenes and benzeneacetaldehyde) showed reduced intensities in both stale (from 7.8 to 5.5) and green (from 5.6 to 4.5) notes ( Figure 2C ). Masking effects were reported in mixtures composed of chemicals with great difference in structure [16] . For example, the addition of (E)-2-hexenal (green note) masked/reduced the intensities of roasted and sulfur notes of tea infusion [16] ; isoamyl acetate (fruity note) masked the stale note in fresh beer [21] ; and the woody and fruity notes in wine reciprocally masked each other [22] . Our study indicated that there were a reciprocally masking effect between the stale note (methoxybenzenes) and the sweet note (linalool oxides), floral note (linalool, trans-β-ionone, phenylethyl alcohol, and indole) and green note (benzeneacetaldehyde), which was consistent with a previous study. a RI 3 was obtained by GC-O analysis using a HP-INNOWax column. b RI 4 was reported in the database on the web (http://webbook.nist.gov/chemistry/) and was analyzed by GC-MS analysis using a column similar to HP-INNOWax column. "*" is the main smell of olfactometry among a number of odors.
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Validation of Masking the Stale Note in Instant Ripened Pu-Erh Tea Infusion
The above experiments showed that sweet note, floral note, and grass note could mask the stale note. In addition, it has been reported that linalool oxides (sweet note), linalool (floral note), trans-βionone (floral note), phenylethyl alcohol (floral note), indole (floral note), and benzeneacetaldehyde (green note) had thresholds of 6 [23] , 6 [23] , 0.007 [23] , 750 [23] , 140 [24] , and 4 μg/L [24] , respectively. Obviously, trans-β-ionone had the minimum threshold among the volatiles that had the reciprocally masking effect on the stale note from methoxybenzenes. Therefore, trans-β-ionone was added in the instant ripened Pu-erh tea infusion to validate the masking of the stale note. The result (stale and floral notes, as well the overall acceptance) as illustrated in Figure 3 , the more the concentration of trans-β-ionone was added, the stronger intensity of the floral note and the weaker the stale note. (Figure. 3) . When trans-β-ionone attained 60 μg/mL, the instant ripened Pu-erh tea infusion was hardly to sniff the stale note, which indicated that stale note can be effectively masked by the addition of trans-β-ionone. In addition, the overall acceptance kept on increasing along with the increase of trans-β-ionone concentration within 10-40 μg/mL; and addition of 40 μg/mL of trans-β-ionone gave the instant ripened Pu-erh tea infusion with the best overall aroma acceptance. In short, the present study indicated that an effective approach to improve the aromatic quality of instant ripened Pu-erh tea products is by masking the stale note that inherently exists in ripened Pu-erh tea products [11, 19] . Figure 2 . Masking test of the stale note interacting with the sweet note from linalool oxides (A), floral notes from linalool, trans-β-ionone, phenylethyl alcohol, and indole (B) and green note from benzeneacetaldehyde (C) in the instant ripened Pu-erh tea. Same aromas with different superscripts (i.e., a, b, c) have significant differences from the results (p < 0.05).
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In future, a further in-depth study is suggested to investigate how the aroma receptor binds with aroma-active chemicals that contributed to the stale and floral notes. In addition, novel processing technologies such as PEF and HPP may help to improve the aroma. 
Materials and Methods
Instant Ripened Pu-Erh Tea
Instant ripened Pu-erh tea was processed using a combined procedure consisting of countercurrent extraction at 90 °C for 30 min, ultrafiltration, reverse osmosis concentration at 40 °C to 8-12 brix, freeze, and drying at 95 °C at Fujian DaMin Development Company (Zhangzhou, Fujian, China) in September 2016. One kilogram of the Pu-erh tea yielded approximately 400 g of instant tea.
Chemical Standards and Reagents
The standards 2-hexanone, benzeneacetaldehyde, linalool, linalool oxides, phenylethyl alcohol, 4-oxoisophorone, menthol, α-terpineol, safranal, geraniol, indole, and 2-ethyl-3-methylpyrazine were purchased from Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA). The standards, 1-ethylpyrrole, benzyl alcohol, 1,2-dimethoxybenzene, 3,4-dimethoxytoluene, 1,2,3-trimethoxybenzene, 1,2,4trimethoxybenzene, trans-β-ionone, 2,4-ditert-butylphenol, and dihydroactinidiolide were obtained from Alfa Aesar Co., Ltd. (Heysham, Lancashire, UK). A standard series of C8-C20 alkanes were used for retention index (RI) determination, and the internal standard cyclohexanone were purchased from Sigma-Aldrich Co., Ltd. (St. Louis, Mo, USA). Other reagents were all of analytical grade and obtained from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China).
Extraction of Volatiles from Instant Ripened Pu-Erh Tea
Thirty grams of Pu-erh instant tea was immersed with 300 mL of distilled water in a 500 mL flask; and 100 mL of extraction solvent (n-hexane) was put in the other flask of the extractor. Both 
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Extraction of Volatiles from Instant Ripened Pu-Erh Tea
Thirty grams of Pu-erh instant tea was immersed with 300 mL of distilled water in a 500 mL flask; and 100 mL of extraction solvent (n-hexane) was put in the other flask of the extractor. Both flasks were put in a Likens-Nickerson apparatus and heated up to their respective boiling points. After the two flasks started to reflux, the distillation-extraction was continued for 1.5 h to allow the volatiles to be collected in the organic phase. The resultant extract was collected at room temperature and dried over anhydrous sodium sulfate overnight, followed by concentration to approximately 0.5 mL using a gentle stream of high-purity nitrogen. The concentrated extract was adjusted to the volume of 1.5 mL with n-hexane and stored at −20 • C temporarily before analysis.
Sensory Evaluation of the Aroma Profile
An aliquot of 20 µL of the volatile extract was diluted with 980 µL of ethanol (by activated carbon). Thereafter, 50 µL of the dilution sample was added onto a fragrance test strip, which was subsequently dried in the open air for 120 s prior to sensory evaluation. Sensory evaluation was conducted at room temperature under clean air conditions by 11 panelists, including five men and six women ranging from 20 to 30 years old, that were trained in odor recognition for 50 h over two months. Before sensory evaluation and, as necessary, during the session, the different concentration standard solutions of benzeneacetaldehyde, linalool, linalool oxide, 2-ethyl-3-methylpyrazine, 1,2,4-trimethoxybenzene diluted with ethanol (by activated carbon) were used to instruct the panelists to be familiar with the green, floral, sweet, roasted and stale notes, and their aroma intensities ( Table 3 ). The panelists were asked in a random order to rate the extracts for green, floral, sweet, roasted and stale notes, and gave a score within 0-9 according to relevant references and ISO 8589 [28, 29] , in which zero indicates an unperceived attribute intensity and nine indicates a very strong attribute intensity. After each sniff, an interval gap of 20 s in fresh air was used refresh the olfactory fatigue, which was sufficient between individual odor assessments. 
GC-MS Analysis of the Volatile Constituents
Nine hundred and ninety µL of the volatile extract was added with 10 µL of the internal standard cyclohexanone (1250 µg/mL), and 1 µL of the mixed solution was injected into the QP 2010 GC-MS instrument (Shimadzu, Kyoto, Japan) for analysis using a Rtx-5MS (60 m × 0.32 mm × 0.25 µm) column (Restek Corporation, Bellefonte, PA, USA). Helium was used as the carrier gas at a flow rate of 3 mL/min. The oven temperature was initially programmed at 50 • C for 2 min, then increased from 50 to 200 • C at 3 • C/min, and held at this temperature for 1 min. The temperatures of the ion source and the interface were set at 220 and 250 • C, respectively. The MS was operated in the positive electron ionization mode at 70 eV, and the MS spectra were recorded within an m/z range from 35 to 500 amu.
Most of the compounds were identified by matching their MS spectra and RIs on the Rtx-5MS column to those of standards. The other volatiles that lacked standards were temporarily identified by matching their MS spectra and RIs to those in the mass spectral library (NIST08, NIST08s, FFNSC1.3) and their RI values to those from relevant references. The volatiles with matching standards were quantified according to their respective calibration curves. The concentrations of the other volatiles were estimated using the calibration curve of the internal reference cyclohexanone in scan mode.
GC-O Analysis of the Aroma-Active Volatiles
GC-O analysis was performed on an Agilent 5975C-7890A GC-MS (Palo Alto, CA, USA) with a Gerstel ODP-2 olfactory detection port (Gerstel AG Enterprise, Mülheim an der Ruhr, Germany). Samples were separated and evaluated using an HP-INNOWax (60 m × 0.25 mm × 0.25 µm) column (Agilent, Palo Alto, CA, USA). The temperature at the injector port was 250 • C. A 1 µL sample was injected into the GC-O system in a splitless mode. The oven temperature was programmed as follows: An initial temperature of 40 • C was kept for 1 min and then increased to 230 • C at a speed of 5 • C/min, then held at this temperature for 3 min. Nitrogen was used as the carrier gas at a flow rate of 1.8 mL/min.
Aroma extract dilution analysis (AEDA) was used to determine the respective notes and intensities of volatiles. A series of 4-fold dilutions (i.e., 4 0 , 4 1 , 4 2 ) of the volatile extracts were prepared using the solvent n-hexane. The sniffing test was performed by three well-trained panelists in an alternating order at 2 h intervals with reference compounds. All panelists were trained for 60 h over a period of one month. Upon sniffing the effluents from the sniffing mask, the panelists recorded the retention time and aroma descriptors. The odor intensity of fragrance chemicals was evaluated with flavor dilution (FD) factors.
Investigation of the Suppressive Interaction between the Stale Note and Other Notes
Seven aromatic models were prepared artificially with volatiles and deodorized ethanol (by activated carbon) to a final volume of 5.0 mL, according to a previous method with minor modification [30] (Table 4 ). Volatiles in the samples were prepared with concentrations the same as those detected in instant ripened Pu-erh tea. All samples were evaluated in the aroma intensities by using the method described in Section "Sensory evaluation of the aroma profile". 
Validation of Masking the Stale Note in Instant Ripened Pu-Erh Tea Infusion
Two grams of instant ripened Pu-erh tea powder was dissolved in 100 mL water at 80 • C [16] . The instant ripened Pu-erh tea infusion was added with trans-β-ionone that showed the strongest suppression effect on stale note, at series concentrations (i.e., 0, 10, 20, 30, 40, 50, and 60 µg/mL, respectively). Thereafter, all the samples were sensory evaluated in stale and floral notes by using the method described in Section "Sensory evaluation of the aroma profile". In addition to this, the overall acceptance was used to evaluate how we feel the aroma. During the evaluation, a 0-9 scale system was used, with zero points indicating poor overall acceptance, and nine points indicating good overall acceptance.
Statistical Analysis
All experiments were repeated three times. Mean values and standard deviations of sensory evaluation and quantitative analysis were calculated using the SPSS-IBM 19.0 software (IBM company, Chicago, IL, USA) and Microsoft Excel 2013. The analysis of panelist effect and removal of outliers by normal distribution were performed using the SPSS-IBM 19.0 software. Analysis of variance (ANOVA) was conducted via Duncan's multiple comparison tests (p < 0.05) using the SPSS-IBM 19.0 software [31] .
Conclusions
In summary, the stale note from methoxybenzenes had a reciprocal masking interaction with sweet, floral, and green notes, respectively. The validation experiment showed that trans-β-ionone significantly eliminated stale note and improved the overall aromatic acceptance of instant ripened Pu-erh tea infusion. These results indicate that the masking interaction could be applied to mask the stale note, providing an effective approach to mask the stale note of instant ripened Pu-erh tea.
In the future, the study might focus on the mechanism of interaction between aroma compounds and how they bind to olfactory receptors and explore novel processing technologies to improve the aromatic components.
